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Al Implementation of Pavement ME Designin Maricopa County

The issue of this interim pavement design guide in October 2019 will mark the start of the use of
MechanistieEmpirical (ME) Pavement DesgriMaricopa County Department of Transportation
(MCDOY. The associated software program is tilledvement ME DesigriNote that this pavement
design guide focuses bynon flexible pavemerdesign rigid pavement design is not covered.

Designers are required to useth this interim guide an€hapter 10 oMCDOT Roadway Design
Manuaf (RDM when providing pavement designs fsiCDOTarterial roads that include at least one
half aroadway for a nominal onbalf mile lengh or greater. fie designer shouldse designs from both
methods andengineering judgement in selecting thaitable pavement structure.

Theefforts toward the implementatiorof PavementME [esign at Maricopa County began2@06 with

areseach program funded biMCDOT The pavement and geotechnical greap Arizona State

University (ASU)rovided therequiredmaterial characterization services between 2006 009 under

thisresearch program. Fifteen roadway projects, which included nine new flexible pavement

constructions, four intersection improvements, and two overlay projects, were selected as test section

to perform sampling, material characterization, field monitoring, calibration and validafibe.

Al YLX AYy3S FASER Y2YAU2NRAY3IS OFfAONI GA2YS YR @I f Al

In 2016 calibration and validation of the Pavement MESI)n was performed using the latest available
AASHTO Pavement ME Design softveditiie time(Version 2.3.0, Revision 68jfter gathering field
distress measurementsf the testsectionsoveraten year period. The calibration and validation
process inktided checking the &tional andArizona Department of TransportatioADROTY calibration
factorsfor Maricopa County conditions andentifying anybias inpredicted distressesThen, the
identified bias was elimated or reduced by adjustirgglectedcritical calibration factors The
applicableproceduresand guidancejiven in theAASHT@uide for the Locdlalibration of the
MechanistiecEmpirical Pavement Design Guitlevember 2019was followedduring the calibration and
validationprocess The findirgs were presenteth a conference papditled Implementation Process of
Pavement ME Design in Maricopa Codatythe 13th Arizona Pavement/Maté@ls Conferencieldin
November 2016 MCDOT is continuirtfpe collecion of distress data frorthe subjectroadsto verify

and improvethe distress predictionsBased on then-going datathe localand nationalalibration
factors will be refined and reportedhithis docunentif and when deemed appropriate

The current pavement design methaad use for MCDOT pavement design is the 1993 AASHTO Design
Guide. One of the main differences between the 1993 AASHTO Design Guide and the Pavement ME
Design can be stated as: the9®guide designs the thickness of each pavement layer while the
Pavement ME Design predicts the performance of the pavement corresponding to user input layer
thicknesses Figure 1lillustrates acomparison of the two methods. Detailed comparisons of the t
programs are listed ifiable 1


https://www.maricopa.gov/5307/Transportation-MCDOT
https://me-design.com/MEDesign/?AspxAutoDetectCookieSupport=1
https://www.maricopa.gov/DocumentCenter/View/51399/Roadway-Design-Manual-2019
https://pavement.engineering.asu.edu/resources/2016-pavements-conference/

1993 Pavement
AASHTO Guide ME Desi@ibG

Figure 1.Comparison of 199BASHTMesign andPavementME Design

This document provides guidancedesignerdor pavement designs dflCDOTToadwaysusing
Pavement ME Design software.

A.2  AASHTO Pavement ME Design Software

The AASHTOWare Pavement ME Design program was first issued in the earlyD2/Edspment of

the flexible pavement design for the ME program was originally developed by Arizona State bniversi
(ASUunder a subcontract witipplied Research Associates, Inc. (ARX)the time of this document,
Version 2.5.5 is available for purchase on A#6SHTOWare website

Individual Workstatioror Site licenses can be purchased from AASHTOWare on annual basis with annual
subscription fees. When performing pavement design for MCDOT roadways, the designers can use their
own Pavement M Design program or contact MCDIiOThelp orto access the Pavement ME Design
program at MCDOT (for MCDOT designers only).

A.3 Data Input

The main data input areas in Pavement ME Design program include climate, traffic, and materials as
illustrated inFigure 2. The program accepts data in three hierarchical levels designated Level 1, Level 2,
and Level 3. Level 1 represents the most advanced level where the designer can input site specific data
from material characterization such as dynamic modulus asiieat modulus of theasphalt mix. On

the other hand, Level 3 represents the lowest level where the designer can use readily available data
such as sieve analysis and plasticity index along with the default data provided by the program. Level 2
can beused when some intermediate test data are available. For example, instead of inputting direct
resilient modulus test data for unbound layers (aggregate base and subgraekd)yeRor CBR or other
parameters can be input so that the program can interngéiperate a correlated resilient modulus

value.


https://www.ara.com/
https://www.aashtoware.org/products/pavement/pavement-overview/

Table 1: Comparisorbetween 1993 AASHTO Guidend Pavement ME Design

Item No

Item

1993 Guide

Pavement ME Design

Main design
output

APavement layer thicknessessed on
minimum thickness to achie design
life

APavement performance over the design life for a
given pavement structure

Main design
inputs

ATraffic AADT and truck content
AResilient modulus of subgrade
ALayer coefficients

APavement performance based on predictions of
the development of key paveent distresses
including: Rutting, Fatigue, Thermal Cracking,
Bottom-Up Cracking, and Tedpown Cracking.

ABased on the hierarchical level (Level 1, 2, & 3)

AThickness of each pavement layer

ATraffic(see Item 3)AADTTTraffic spectra
includingClass distbution, axle distribution,
operational speed

AMaterials:see ltems 4, 5, and 6

AClimate: historical climate data from an extensive
weather database provided with the program

Traffic load
over the
lifetime of road

AAADTConverted to ESALs

ANo design life EAL computations

AProgram estimatethe loads that are applied to
the pavement and the frequency with which thos
IAGSy t2FR&a FNB | LLX A9
design life

Bound layer
data input

AlLayer coefficiers
AElastic modulusf layers

ADynamic modlus
ABinder viscosity
AMixture volumetrics
ACreep compliance
AThermal properties
Alndirect tensile strength

Unbound layer
data input

Al ayer coefficiers
AElastic modulusf layers

AResilient modulus
ASieve and Pl data
ASoilwater characteristics
AHydraulic condutivity

Subgrade soil
data input

AResilient modulus

AResilient modulus
ASieve and PI data
ASoilwater characteristics
AHydraulic conductivity

Design steps

AConvert traffic to design ESALs

ACompute the required Structural
Number (SN) mainly based on ESAL
andsubgrade resilient modulus

ADetermine the layer thicknesses tha
satisfy the required SN

ATrial pavement structure is subject to expected
traffic axle loads over the design period

APavement material properties are varied over the
seasons based on local clititadata

AThe response of pavement and resulting damagyg
estimated mechanistically as the virtual time
passes through the years

AThe estimated damage is empirically correlated 1
various distress types

APerformance of the pavement with respect to ea
category of distress is plotted

ARepeat the analysis by revising layer thicknesse
until the distresses are within criteria.




Figure 2 Main Data Input Areas in Pavement ME Design

Theinitial steps of how to start a new projecthsiefly explained hergthen,detailed guideto data entry
is given in thdollowing sections Theopening screen of Pavement MEdgn is showim Figure3.

Once theOKisclicked, the initiabcreen (Figure 4 will appear.A new project can be started by clicking
New on thetop menu bar(Figure 4 and the screen ifrigure Swill appear. An existing ptoject can be
opened by clickin@pen and selecting the project.

. L 1 il sz dolez = — B’ 'J
(8 AASHTOWare Pavement ME Design 2.5.5 (US) I I ——— o
e —— i — — C

AASHTOWare

Pavemesg

ME Design

Database /Enterprise Login About
[F] Open ME Design with database connection AASHTOWare® Pavement ME (Mechanistic-Empirical) Design
pe g i B 2013 American Associztion of State Highway and Transpontation Officials

Login:

License status: Standard
Password: Version 255 (Build 7117.27682)

Instance:
|| Reset ME Design to default screen position

Figure 3 Opening Screen of Pavement ME Design Software



4 (1 ME Design Calbration Factors
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Approver
Person who apgproved use of this objectmatenialiproject

Figure 5 Initial Data Input Screen of Pavement ME Design Prodoaa New Project



Adding different mvement structurdayersis the first stepvhen starting a new pavement design using
Pavement ME DesigrDecide the type of pavement struatito be analyzed for the given project and
follow the steps given below:

Open Pavement Mitdgesapalickoko proceE(re)3

Click dlewand a scwegh no structural layers W#ligapegar

Und&eneral Informatieigure)soeleddesign TypgNew Pavemant selPeivement Tyse
Flexible Pavement

InpuDesign Ljfgypically 20 years.

Input the anticipatedBide Canstruciavement Construcand@raffic Opening

The screen shegare@ill appeand clickMald Lay&b with a greersdicon ().
Material Layer Selegtindow will appgard)7

Nook whE

[28 AASHTOWare Pavement ME Design 25.5 (US) - — o i
Menu 8 x s x

10

EE

Ugd

150

Data Entry = p=—=
Area

10/29/2010 10-00 PM

10/29/2010 10-00 PM

Figure 6.Adding Layers t®avement ME Design Program for a New Project

8. Selekchyer 1 Flexible: Default asphalt eonttsetegetaypeFdexible (1)sing the drop down
menu. Note that timeldyglt types in the program include: PCC, Flexible, Stabikda8as&nular, N
Subgrade and Bedrock.

9. Selebefault Asphalt Conoretie left inset windowlahd click

10. A new laywth matching graihappear on the screen below the Theersgmédiveitthata entry area
showing to theHigtt®).

11.Repeat stel¥®B each pavement structure layer.

12.The respective data entry windoersdartEaabdagsed biyeliekmgmgphios the screen.

13.When cligkethyer becoméslglednaded indibatiyer is selected

14.0nce all the layers areeasiclegnt will appear abigluosu8 i



Insert layer below: Layer 1 Flexible : Default asphalt concrete -
Layer type: Flesdble (1) - |
| Select matenial type

@ Select from default list Import from datsbase © Importfromfile|  Open |
=

Default_Asphalt concrete

FHgure 7. Material Layer Settion Screen of Pavement ME Design Program

Once the layers are addethe data inputscreen will appeafFigure §. Data inputor displayareason
this screen are labeled @sthrough| for reference purposes and describedn Table 2 Some
information maybe repeatedor clarity.

Tl
{
i

SRR

Base : - 5 botom s g rackng (% fane arss)
e et

Ty (o] ] | sdemsen ot )

4 Mechanical
Aaphalt inder
Creep compliance (Vpsi)

Dynamic modudus.

» Select HMA Ester predicive modsl
Relerence temperature (deg F)
Inchrect tenaile sirength at 14 deg F (9si)

4 Thermal

Heat capaciy (ETUNb-deg F)
Thermal conducsvty (ETURe-f-deg F)
cervecen

Description of cbiect
Direction of ravel
B | Adr voids (%)
Aa-constructed ai vauds of the asghait concrete layer
Recommended mnmax 210

Ovtpwt !x!ﬁvu

) | gt |
T y O SR ra N <0 v )

Figure 8 Data Input Screen of Pavement NEsign Programwith the added Layers



Table 2 Pavement ME Design Data Input Areas
Input or Display Area II_AaZEZI Description Section
General information A design type, pavement type, desidife, etc. A3.1
Performance criteria B distress limits and reliabilitior each distress type A.3.2
Climate data C weather station data provided by the program A.3.3
Traffic data D AADTT, axle configuration, operational speett, A3.4
E bound layers: sphalt concrete binder and mix A.35
Material data F unbound layers: ggregate base course A.3.6
G subgrade resilient modulus, gradation,-#lue A.3.7
Project File Tree H Icors turn to Green from Red when data input@mplete A.3.8
Progress | The progress of computations whemnning the program A.3.9

A.3.1 General Information

Data input begins with enterin@eneral hformation for the projectin Area Aof the data inputscreen
(Figure8). TheDesign Vpe can beeither new, overlay, orestoration. ThePavementType can be

either flexible pavement, jointed plain concrete pavement (JPCP), continuously reinforced concrete
pavement(CRCP), or semigid pavement.Note that nost of MCDOT roadways are flexibevpmerts.
TypicalDesign ife for MCDOT roads is 20 years. However, other design lives can be used when dealing
with special cases. For exammel-year design life is recommended for temporary roadwalke

dates ofBase ConstructiopPavement ©nstrudion, andTraffic Qoeningare also input as general
information.

A3.2 Performance Criteria

PerformanceQriteria setacceptabldimits forvarious distress types along witmassignedeliability.
MCDOThas adoptedhe national criterid, whichare shownm Table 3 For example, when the
International Roughness Index (IBXceedsa value of 172, the pavement is considered failed.

Enterthe performance criterian AreaB of the data inputscreen(Figure8). Areliability of 9846 is used

for arterial roads.For collector and leal roadwaydesigrs, usereliability values of 90% and 86,
respectively Also, MCDOT may require two sets of performance criteria: one for the design life and
another for a haHife for maintenance purposesThese requirements will be included in the scope of
services.The designer should contact MCDOT prior to the beginning of design to obtain site specific
information.



Table 3. Pavement ME Design Performance CriteiaMCDOTRoads

Arterials, Collectors, and Local Roads

) ) o Reliability
Distress Type Units Limit -
Arterials | Collectors| Local

Initial IRI in/mile 63 95 90 80
Terminal IRI in/mile 172 95 90 80
AC TogDown Fatigue Cracking ft/mile 2000 95 90 80
AC Botton-Up Fatigue Cracking % lane area 25 95 90 80
AC Thermal Cracking ft/mile 1000 95 90 80
Permanent DeformatiofT otal pavement in 0.75 95 20 80
Permanent DeformatioAC Only in 0.25 95 20 80

A.3.3 Climate Data

Once the general project information andgign criteria are entered?roject imate data inputcan
begin by clickingn AreaCof the data inputscreen Figure8) or double clicking on Climate in the
Explorer tab.WhenAreaCis clickedanew window calledClimatewill appear(Figure9).

Search

SanFrancisco
'

Bevaton

Google

WA otas
Los Angeies ML |
R s NEW MEX
o

" Select Climate ) Refresh Markers € Show More Markers | 3 Options =

NEBRASKA

(L
United States NDIA
HHORAY! KANSAS  WisgoUR:

Daltos.
°

z e
% Houston
=

b

AND LARRATOR

Map dts €2010 Googe WES_Termaof e

Yod.det”

2 x| Eor i

8%

Proect  Obect  Propety  Descroton

~ = Compare | 3 Eror List

Figure 9 Climate Data Input Screen of Pavement ME Design Software




The progam allows the user to search adgsited regionin the United Stateg¢for example, Phoenix,
AZ) and to select a markeasn the map containinglimate data(Figure 1). Once a markds selected
the corresponding dat&Elevation, Climate station, Latitude, and Longitugi®populatedin to the
respectivedatacellsin AreaC1(Figure 9. Historicclimatedataavailable for the selected location will
be used ly the program in the malysis. Thedepth to groundwater eiblecanalso be input on Climate
screen If no site specific groundwaténformation is available, use the Arizona Department of Water
Resources (ADWRYell Registryo obtain groundwater depths frorthe regional well data.

FigurelO. Climate Data Markershat appear on the Mp for Phoenix, AZ

A3.4 Traffic data

Trafficdata input can begin by clicking on Af@af the data inputscreen Figue 8). When Are®is
clicked,anew window calledTrafficwill appear The types of traffic dati® be input are listedrn Table
4 andshownin Figurell.

Table4. Traffic Data

Main Data Type Description Area | Section
AADTT Average Annual Daily Trugkaffic D1 |A34.1
Traffic capacity Capacity cap, if desired D2 |A3.4.2
Axle Configuration Axle width, spacing, and tire pressure D3 |A343

Lane width, wheel location, and standard deviatic

Lateral Wander D4 |A344
for lateral wander

Wheeltase Spamg and % trucks correspondmg short, D5 |A345
medium, and long truck categories

Vehicle Class % distribution of trucks among Class 4 through

o ) D6 |A34.6

Distribution and Growth| Class 13, growth rate, and growth function

Monthly Adjustment Monthly adustment, if data is available D7 |A347

Axles per Truck Averagevalues forsingle, tandem, tdem, and DS |A348

quad axles fo€lass 4 through Class 13 trucks

10


https://gisweb.azwater.gov/WellRegistry/SearchWellReg.aspx

























































































































